Perception of the human body appears to involve predictive simulations that project forward to track unfolding body-motion events. Here we use representational momentum (RM) to investigate whether implicit knowledge of a learned arbitrary system of body movement such as sign language influences this prediction process, and how this compares to implicit knowledge of biomechanics. Experiment 1 showed greater RM for sign language stimuli in the correct direction of the sign than in the reverse direction, but unexpectedly this held true for non-signers as well as signers. Experiment 2 supported two biomechanical explanations for this result (an effect of downward movement, and an effect of the direction that the movement had actually been performed by the model), and Experiments 3 and 4 found no residual enhancement of RM in signers when these factors were controlled. In fact, surprisingly, the opposite was found: signers showed reduced RM for signs. Experiment 5 verified the effect of biomechanical knowledge by testing arm movements that are easy to perform in one direction but awkward in the reverse direction, and found greater RM for the easy direction. We conclude that while perceptual prediction is shaped by implicit knowledge of biomechanics (the awkwardness effect), it is surprisingly insensitive to expectations derived from learned movement patterns. Results are discussed in terms of recent findings on the mirror system.
Introduction
Human actions are perceived differently than other stimuli. In particular, implicit knowledge derived from the observer's own body-representation is engaged when watching or listening to the actions of others (for reviews see Rizzolatti & Sinigaglia, 2008; Schütz-Bosbach & Prinz, 2007; Shmuelof & Zohary, 2007; Wilson & Knoblich, 2005 ; recent results include Aglioti, Cesari, Romani, & Urgesi, 2008; Saunier, Papaxanthis, Vargas, & Pozzo, 2008) . Current theories postulate that these activated motor programs contribute to a simulation, or forward model, which runs forward in time from a given perceptual input, tracking the probable course of the unfolding action in parallel to the external event (Knoblich & Flach, 2001; Prinz, 2006; Wilson, 2006; Wilson & Knoblich, 2005) .
These forward models are not limited to the case of human action. Beginning with the discovery of representational momentum (Freyd & Finke, 1984; see Hubbard, 2005 , for review) and the flash-lag effect (Nijhawan, 1994) , and continuing on to more recent neuropsychological studies (e.g. Guo et al., 2007; Mulliken, Musallam, & Andresen, 2008; Rao et al., 2004; Senior, Ward, & David, 2002) , it has become clear that perception of a variety of predictable types of motion involves mental simulation that anticipates the incoming signal, rather than lagging behind it (see Nijhawan, 2008, for review) . Such mental simulation has substantial advantages: expectations generated by the forward model can provide top-down input to ongoing perception, resulting in a more robust percept; and motor control for interacting with the world can be
